Menstrual cycle length and regularity are influenced by many factors, including age (1-3), contraception and smoking (4) , and body size and exercise (5, 6) . Menstrual function is hormonally mediated, and several environmental contaminants, including polychlorinated biphenyls (PCBs), are reported to disrupt endocrine pathways (7) (8) (9) (10) (11) (12) (13) . A comprehensive review of the epidemiology of menstruation cited the need for research on environmental risk factors, particularly those with suspected hormonal effects (14) .
Consumers of Great Lakes sport fish are exposed to a complex mixture of chemicals, including persistent lipophilic compounds such as PCBs, dichlorodiphenyl dichloroethene, dioxin, other pesticides, and mercury (15) (16) (17) (18) (19) (20) (21) (22) (23) (24) (25) . Sport fish consumption has been estimated to deliver a dose of PCBs that is 4,300 times higher than background drinking water or inhalation exposure (20) . Lake Ontario sport fish have reported PCB concentrations that are more than twice as high as those in fish from the other Great Lakes (26) . The New York State Department of Health recommends that women of childbearing age eat no fish from Lake Ontario because of the high levels of contaminants (27) .
This secondary data analysis assessed the potential relation between menstrual cycle length and consumption of PCB-contaminated Lake Ontario sport fish in a cohort of New York State anglers.
MATERIALS AND METHODS
Data were gathered as part of the New York State Angler Cohort Study, a population-based cohort of angler families from 16 counties in New York that surround Lake Ontario (28) . In brief, the cohort was established in 1991 when mailed surveys were completed by 11,431 randomly selected licensed anglers aged 18-40 years (10,518 males and 913 females) and 6,651 spouses of male anglers (overall, 39 percent response). Species-specific fish consumption, medical and reproductive histories, sociodemographic characteristics, and other lifestyle behaviors were assessed. Telephone interviews with a random sample of 100 nonrespondents found sociodemographic differences but no differences with regard to fishing or fish consumption (28) .
Menstrual cycle data were collected from a subgroup of women who completed a telephone interview to update their reproductive history in 1993. Women who stated in 1991 that they were considering becoming pregnant in the following 3 years (n = 2,977, 40 percent of cohort women) were eligible for inclusion in the telephone follow-up study. Trained nurses successfully completed 2,445 interviews in 1993 (82 percent). The interview was designed to look crosssectionally at time to pregnancy and to assess reproductive health status. Self-reported menstrual cycle length, asked as "usual number of days," was analyzed for all women with complete data (n = 2,223; 91 percent of those interviewed) and also was restricted to women who reported "regular" cycles only (n = 2,080, 94 percent of those with cycle length information). The average number of days, rounded to the nearest whole number, was used for women who reported a range of days. For the most part, women defined their own cycles as regular or irregular. The only exceptions were women who reported "irregular" cycles that occurred approximately once a month with a small range of usual cycle length. After further questioning by the nurses, these women were considered to have regular cycles.
Exposure measures used here are based on the mailed survey in 1991 (cohort enrollment) and reflect consumption of contaminated Lake Ontario fish only. Fish consumption was measured in terms of duration (total number of years eating fish) and monthly frequency of sport fish meals in 1991 for 12 species and size categories of fish. Since contaminant levels vary considerably by species and size of fish, a crude index was developed to estimate the potential Lifetime PCB exposure through sport fish consumption: PCB index = years X 2 species (frequency X portion size X PCB concentration), where years = total number of years eating Lake Ontario fish, 1955 to 1991; species = 0 (not eaten) or 1 (eaten) for each of 12 species/size measured; frequency = number of species-specific fish meals in 1991; portion size = usual grams per meal; and PCB concentration = milligrams of total PCBs (29, 30) . Women who never ate Lake Ontario sport fish comprise the referent group. Women who ate these fish in the past but not during 1991 are characterized as "past consumers" because usual meal frequency information is not available for them. Past consumers are analyzed as a separate exposure category for frequency of meals and the PCB index. Categories for the number of years, frequency of meals, and PCB index are based on tertiles of exposure for all cohort women. The moderate and high PCB index groups are combined in this analysis.
Smoking was assessed as "ever" versus "never" as reported upon cohort enrollment. Data on current smoking were not available in 1991 or 1993. Age was calculated from the woman's birth date given during the 1993 telephone interview.
Multiple regression analysis was conducted with usual number of days per cycle as the dependent variable. The unit change (in days) at each exposure level is expressed, as well as the 95 percent confidence limits based on the standard error. Women who never ate sport fish were the referent group. Age and smoking were forced into the model before exposure indices because of their a priori relation to menstrual cycle length. Exposure categories were entered as dummy variables. The results for each exposure measure (number of years, frequency of meals, and the PCB index) are presented for all women and for the group restricted to those with regular cycles.
RESULTS
Characteristics of the women are shown in table 1. Women with regular cycles, the majority of all women in the study, are similar to all study women except for menstrual cycle length. Women who reported a regular cycle had a shorter average cycle with less variation than did all women combined. Given the large range of cycle lengths reported by women as regular, presumably, irregular cycles are based on inability to predict the onset of menses as well as cycle length. The mean age of the women is 31.2 years; approximately 50 percent reported ever having smoked. Despite the health advisory, 12 percent of the women eat Lake Ontario fish meals more than once a month; 13 to 14 percent have been eating these fish for 7 years or more.
No significant relation was seen between age and menstrual cycle length in preliminary analyses, and smoking was of borderline significance (data not shown). Stratified analyses of women aged 35 years and older had less statistical power, but the results were of similar magnitude and direction as those for the full study group (data not shown).
Results of the adjusted multiple regression analyses are shown in table 2. The pattern of results is the same for both groups of women, but the magnitude of the association is stronger in the analyses based on all women, largely because of the amount of variability in cycle length. Cycles appear shorter with more than 2 years of fish consumption among all women, but this is not statistically significant. Eating sport fish meals from Lake Ontario more than once a month in 1991 was associated with a statistically significant reduction in cycle length of greater than 1 day for the group that includes all women (-1.11 days, 95 percent confidence interval -1.87 to -0.35) and about half a day for women who reported regular cycles (-0.51 day; 95 percent confidence interval -0.92 to -0.10). On average, women in the PCB index moderate-to-high exposure group were observed to have cycles about 1 day shorter (-1.03 days; 95 percent confidence interval -1.88 to -0.19), and about half that reduction was seen in the regular cycle group (-0.56 day; 95 percent confidence interval -1.01 to -0.09).
These analyses were repeated, eliminating 5 percent of women at each extreme of menstrual cycle length to * PCB, polychlorinated biphenyl; SO, standard deviation. t All women with cyde length information and no other missing information. $ Women with cyde length information and no other missing information who reported having 'regular" cydes. § Number of years during which Lake Ontario fish was eaten. | Frequency of Lake Ontario fish meals in 1991; past consumers have unknown frequency. # PCB index is based on a cumulative spedes-spedfic model; past consumers have unknown levels. $ Women with cycle length information and no other missing information who reported having 'regular* cydes. § Adjusted for age and ever smoked, change in the number of cycle days at each exposure level, and the 95% confidence intervals based on the standard error.
H Number of years during which Lake Ontario fish was eaten. # Frequency of Lake Ontario fish meals in 1991; past consumers have unknown frequency. ** PCB index is based on a cumulative species-specific model; past consumers have unknown levels. assess the potential effect of outliers on the results. Cycle length ranged from 22 to 34 days for the remaining women. The magnitude of the reductions was smaller, but the pattern of results was similar (data not shown). As in the total group, the strongest finding was with greater than one fish meal per month (-0.28 days; 95 percent confidence interval -0.53 to -0.03).
In addition, the authors compared women who reported regular cycles versus those with irregular cycles to determine whether having an irregular cycle itself was related to exposure (table 3) . Women who characterized their cycles as either regular or irregular were included in these categorical analyses, whether or not they provided data on cycle length.
Usual cycle length data were available for about three quarters of the women with irregular cycles. Women with irregular cycles had more variability and significantly longer cycles than did women with regular cycles. Women with irregular cycles were about 7 months younger than women with regular cycles (p = 0.07). No statistically significant differences were seen with regard to smoking, and none of the exposure measures appeared to vary by cycle regularity. In fact, the proportions of women at each exposure level was remarkably similar, given the differences in sample size.
DISCUSSION
This study has several strengths, including a population-based design and the use of trained nurseinterviewers. Considerable information was obtained on specific fish consumption. Of particular importance is the fact that this cohort represents a group of women with low-level environmental exposure to contaminants of public health concern, avoiding the problems of extrapolating dose-effects from occupationally exposed individuals or animal models (31, 32) .
However, these preliminary findings need to be interpreted cautiously because of the inherent limitations of a secondary data analysis, including lack of information on potential confounders, e.g., current smoking, stress, use of contraceptives, body mass index, and physical exercise. The extent to which these unmeasured variables may be related to contaminated sport fish consumption is unknown. Both the exposure and the outcome are self-reported and subject to error, but exposure was ascertained in a 1991 mailed survey and menstrual cycle characteristics were determined in a 1993 telephone interview, limiting the likelihood that concern over fish consumption was related to reporting shorter menstrual cycles. While the small decreases in menstrual cycle length observed are not likely to be clinically relevant or of major public health concern per se, they may indicate potential endocrine effects on a population level. The mechanism by which contaminated fish consumption and, presumably, exposure to PCBs alters menstrual function is unknown, but growing evidence suggests that PCBs may be estrogenic (7-10, 12, 13) . Higher levels of estrogen have been associated with a shorter follicular phase and menstrual cycle (33) .
In conclusion, consumption of contaminated sport fish was associated with shorter menstrual cycles in this secondary data analysis. Frequency of consumption and an index of lifetime PCB exposure were observed to have a stronger relation with cycle length than duration (number of years of fish consumption). At the highest exposure levels, the effect size is approximately one-half day for women who reported regular cycles and 1 day for all women who report a usual cycle length. The effect does not appear to be mediated through irregular cycles since exposure levels are similar for women who reported regular or irregular cycles.
These preliminary findings underscore the need for further study of environmental factors in association with hormonally mediated reproductive endpoints. Future studies should include menstrual calendars, full assessment of potential confounders, and measured body burdens of PCBs and other persistent contaminants to address this question adequately.
